The article deals with the issue of increasing resilience of the territory by reducing its vulnerability to natural hazards. The present state of the issue is focused on the analysis of the United Nations' involvement in disaster response where organising World Conferences on Disaster Risk Reduction is viewed as a key moment. Subsequently, tools used for assessing the vulnerability and resilience to disasters are examined. Based on the results of the current state of knowledge and deficiencies in the concerned area, a process has been proposed to evaluate the vulnerability and risk of the territory to the occurrence of natural hazards with the aim of ensuring acceptable area safety. Applicability of the proposed process of the vulnerability and risk assessment of the territory to natural hazards is presented on an example of a municipality. Verification on the selected municipality has proven the merit of the proposed procedure.
Introduction
The increasing occurrence of natural hazards has a wide range of negative impacts on the population, property, environment, economy or social system. The economic impacts and human losses caused by natural hazards are differentiated depending on the level of development of the world. Global interconnectivity raises shared responsibility and the need to prevent, solve and eliminate the consequences of hazards, hence the need for crisis management is growing.
For this reason, countries and international organisations have started to employ a holistic and multidisciplinary approach to the safety, risk management and crisis management. Ensuring environmental and human safety is one of the biggest challenges today. The main responsibility for the disaster risk management should be taken by the central government.
Governments must decide what degree of risk they are willing to accept and what tools they will use for implementing risk control. [1] For this purpose, the public and the private sector create crisis management authorities at central and local levels and by means of legal regulations they set requirements for prevention, minimisation and monitoring of risks as well as preparedness and response. Next, they adopt technical, organisational, financial and information measures which ensure the resistance of the society to disasters. All these activities are supposed to contribute to the minimisation of negative impacts while strengthening the country's sustainable development. (18) 2 (2019)
The Theoretical Part
In the context of historical development, a shift from a reactive to preventive approach to dealing with disasters is observed. The basic element for effective implementation of preventive measures and crisis planning is the vulnerability assessment of the territory which can be endangered by individual threats. The current situation suggests that it is essential to address the issues of increasing resilience, mitigation and adaptation of the area to the occurrence of natural hazards as necessary conditions for improving the area safety and ensuring sustainable development.
World Conferences on Disaster Risk Reduction
In the United Nations (UN), the beginnings of international coordinated aid in the aftermath of natural disasters date back to the 1960s. This was mainly about providing financial and material relief to affected countries. The first breakthrough in a coordinated approach was the decision to launch the International Decade for Natural Disaster Reduction [2] effective from 1990 to 1999. The main focus was on resource planning, preparedness and prevention of natural disasters, public education, creation of disaster scenarios, establishment or strengthening the early warning systems, land use planning to reduce vulnerability, mapping the areas with frequent occurrence of disasters, increasing the number of experts and their resources.
In 1994, the World Conference on Disaster Risk Reduction was held in Yokohama, Japan. At this conference, ten principles [3] were established representing a global integrated approach to disaster risk reduction.
The World Conference on Disaster Risk Reduction in Kobe, Japan was held a month after the devastating earthquake and the subsequent tsunami in the Indian Ocean which occurred in December 2004 and claimed 230,000 human lives. Lasting deficiencies and problems were identified. They were related to management areas; identification, assessment, risk monitoring and early warning; knowledge management and education; reduction of risk factors, preparedness for effective response and recovery. [4] The third World Conference on Disaster Risk Reduction adopted the Sendai Framework for Disaster Risk Reduction 2015-2030. [5] This framework defines four priorities for action-understanding the risk, strengthening the disaster risk governance to manage the disaster risk, investing in disaster risk reduction for resilience, enhancing disaster preparedness for effective response, and to "Build Back Better" [5] in recovery, rehabilitation and reconstruction. These priority actions became the basis for their implementation in each of the priority areas of management (local, national, regional, global level). To reduce the damage caused by disasters, the Sendai framework [5] sets seven global targets which are supposed to contribute to the achievement of the new sustainable development goals.
The results of all the world conferences point to the necessity of implementing a comprehensive integrated hazard risk assessment as a necessary basic element for successful hazard prevention, as well as an effective tool for crisis planning.
Vulnerability and Resilience Assessment
Vulnerability is a deficiency, weakness or state of the analysed asset which can be exploited by the threat to exert its undesirable influence. Vulnerability is the asset's property and it expresses how sensitive the asset is to a given threat. Vulnerability results from an interaction between the threat and the asset. The level of vulnerability is assessed by sensitivity and criticality factors. [6] In the international concept of hazard risk reduction, vulnerability is associated with poverty, the socially disadvantaged groups, poor state of health and depletion of resources. The following factors are considered to be the powerhouse of disaster vulnerability: [7] [8] [9] • economic factors;
• social factors;
• political factors;
• environmental factors;
• geographical factors.
Vulnerability is not static, but changes over time similarly to the population and physical changes of the environment. Currently, there is little agreement how it should be measured. [7] Vulnerability is difficult to measure objectively. Although there are activities to reduce vulnerability and increase resilience, they are very specific and relate to a certain type of danger and a population group. Vulnerability is evaluated differentially in various areas of human activities. Examples of vulnerability measurements can be the Disaster Risk Index (DRI) [10] or the Social Vulnerability Index (SoVI). [11] Resilience expresses the ability of a system or society to resist, mitigate, accept and recover from the impacts of disruptive events in a timely and effective manner, including preservation and restoration of its essential structure and functions. [12] According to Moench, [13] concepts of resilience take two forms-hard and soft. Hard resilience is the direct strength of structures or institutions which are under a threat. Soft resilience is the ability of systems to absorb and recover from the impact of disruptive events without fundamental changes in function or structure.
Methods
Various methods were used to develop a vulnerability and risk assessment proposal. In default of suitable indicators, the brainstorming method [14] [15] with selected experts was used. The Delphi method was used to gain the opinion of experts on the significance of factors and proposed vulnerability indicators. The Pearson correlation coefficient and the Spearman correlation coefficient [16] were used to investigate dependencies between individual factors of vulnerability. For each indicator of the vulnerability factors, the Wilcoxon pair test [16] was used to compare pairs of individual indicators of the vulnerability factors and to identify differences between the indicators. The purpose of the local investigation was to verify the functionality of the proposed methodological process of the vulnerability assessment and a proposal of measures to mitigate the hazard impacts.
Proposal for Vulnerability and Risk Assessment of the Territory
Based on the current situation, it was found that a comprehensive vulnerability assessment is a time and data consuming issue. In accordance with the UN approaches, physical, social, economic and environmental factors were chosen as the main factors influencing the extent of vulnerability.
For these factors, indicators were suggested and characterised. It is a new innovative approach to the vulnerability assessment in the Czech Republic. At the same time, it is the first proposal of a comprehensive risk assessment of natural hazards for the needs of increasing the resilience of the territory. The indicators were chosen in order to gain a complete picture about the assessed territory and the possibility of re-evaluation. The indicators represent a set of information which characterises the territory and potential impacts of a hazard. Coefficients are assigned to the indicators. Each indicator has values in the interval of 1-5 and is complemented by a verbal characteristic of each level of the interval. The numerical and verbal characteristics of individual indicators were set on the basis of information from public databases as well as the qualified assessment after a discussion with experts.
In the first step, the characterisation of the territory was done with respect to the implementation of the risk assessment. In the second step, the risk analysis was as follows:
the frequency of natural hazards occurring per one year assuming values 1-5; vulnerability of the territory based on individual factors and vulnerability indicators. Overall vulnerability is derived from the sum of the physical, environmental, social and economic vulnerability factors. The vulnerability calculation is performed as a sum of these factors, where each factor is multiplied by the weight allocated to it based on the Delphi method results. z,j (τ)=( fyz × fyz,j (τ))+ ( env × env,j (τ)) +( soc × soc,j (τ))+( eko × eko,j (τ)) (1) where: Vz,j -overall vulnerability of the territory for the j-th source of danger in time; vfyz -weight of the physical vulnerability of the territory; Vfyz,j (τ) -factor of the physical vulnerability of the territory for the j-th source of danger in time; venv -weight of the environmental vulnerability of the territory; Venv,j (τ) -factor of the environmental vulnerability of the territory for the j-th source of danger in time; vsoc -weight of the social vulnerability of the territory; Vsoc,j (τ) -factor of the social vulnerability of the territory for the j-th source of danger in time; veko -weight of the economic vulnerability of the territory; Veko,j (τ) -factor of the economic vulnerability of the territory for the j-th source of danger in time; (τ) -time.
For the physical vulnerability factor, these indicators were set:
• vulnerability of the road network (Vsil);
• vulnerability of the railway network (Vžel);
• vulnerability of the energy infrastructure (Vene);
• vulnerability of the water management infrastructure (Vvod);
• vulnerability of the information and communication infrastructure (Viko);
• size of the affected territory (Vzas);
• character of the built-up area (Vzst);
• sufficiency of the Integrated Rescue System forces and resources, as well as coordination in dealing with an emergency situation (Vnas); • recovery of the territory by ensuring the basic functions of the territory (Vobn).
To assess the factor of the environmental vulnerability of the territory, these indicators were proposed:
• vegetation cover (Vvkr);
• slope of the terrain (Vskl);
• specially protected areas (Vzchú);
• water erosion (Vver);
• slope instability (Vsvn);
• saturation (Vnsy);
• rate of stream flow (Vvot);
• water level in boreholes and capacity of springs (Vhld).
To assess the factor of the social vulnerability of the territory, these indicators were proposed:
• number of people at risk (Vpos);
• population density (Vhob);
• number of injured people and victims of an emergency or crisis situation (Vpob);
• prediction of occurrence of natural hazards (Vpv).
To assess the factor of the economic vulnerability of the territory, these indicators were proposed:
• unemployment rate (Vnez); • damage caused by natural hazards (Vško).
In the third step, a risk assessment is carried out. On the basis of the discovered frequency and vulnerability, the risk for the j-th hazard source is calculated. The risk level R for the j-th hazard source is the product of the index value of probability Pj of activation of the j-th hazard source and the value of the overall vulnerability of the territory for the j-th hazard source Vz,j in time (τ) expressed by this formula (2):
where: Rj (τ) -risk level for the j-th hazard source; Pj (τ) -frequency of action of the j-th hazard source; Vz,j (τ) -overall vulnerability of the territory for the j-th hazard source in time;
(τ) -time. (18) 2 (2019) The calculated risk level Rj(τ) is in the interval 〈0; 25〉. Individual values of the risk level were characterised and they are indicated in Table 1 . The division of the risk level and its characterisation was performed on the basis of brainstorming. Based on the findings, it is necessary to decide on the scope and method of the implementation of preventive, mitigation and adaptation measures, sources of funding for the proposed countermeasures as well as the risk monitoring process. The procedure allows to reassess the findings at regular intervals and perform their evaluation, which facilitates the interpretation, simplicity and complexity of the output. In the long-term and repeated assessment of the risk and vulnerability of the territory, they can be used for evaluation of the success of implemented measures in the territory, monitoring trends in achieving resilience and sustainable development of the territory.
Validation of the Vulnerability and Risk Assessment Proposal
In order to verify the suitability and applicability of the vulnerability and risk assessment procedure by selected natural hazards, municipalities of different types were approached according to their administrative structure.
In the first step, the territory of the municipality was characterised regarding general data and natural conditions as well as management of crisis situations and experience with crisis management in the territory. Subsequently, the frequency of the occurrence was determined for selected hazards and the vulnerability assessment of the territory was carried out using proposed indicators. Finally, the risk was calculated.
In the municipality, the risk assessment was performed for all the dangers for which an alert is issued through the Integrated Warning Service System of the Czech Hydrometeorological Institute. Characterisation of individual hazards and their frequency is seen in Table 2 . The vulnerability assessment of the territory was performed for individual hazards. Each indicator in individual vulnerability factors was assigned a value of 1-5 which was multiplied by the weight of the indicator. The assigned values of indicators as well as the overall results of the vulnerability assessment of the municipality are presented in Table 3 . 1  3  4  3  2  3  Vžel,j  1  1  3  3  0  2  2  2  4  Vene,j  2  3  4  4  1  3  3  3  3  Vvod,j  2  0  3  2  1  0  0  1  0  Viko,j  1  1  2  1  0  1  2  1  0  Vzas,j  3  3  3  3  3  3  3  3  3  Vzst,j  2  2  2  2  2  2  2  2  1  Vnas,j  4  2  2  2  1  3  2  1  3  Vobn,j  3  2  3  3  1  2  2 In the municipality, the highest coefficients were assigned to the road network and energy infrastructure indicators for all hazards. The highest factor of the physical vulnerability was calculated for the hazard of extreme frost, extremely high temperatures and extreme flood threat. When assessing the factor of the environmental vulnerability of the territory, the highest coefficients were obtained by the indicator of water level in boreholes and capacity of springs which reflects the deepening hydrological drought. Extreme flood hazard, extremely high temperatures, heavy rainfall, extremely strong storms and high fire hazard have the same level of the factor of the environmental vulnerability. The highest factor of the social vulnerability of the territory was calculated for the very thick ice glaze, extreme flood threat and extreme snow cover. Extreme flood threat, heavy rainfall and extremely strong wind received the highest coefficient of damage caused by natural hazards. The placings remained unaltered for the factor of the economical vulnerability of the territory. The highest value of the vulnerability was found in extreme flood threat, extreme frost, extremely high temperatures and extremely strong storms. The lowest value of vulnerability was determined for the high fire hazard.
In the third step, the risk was calculated according to the proposed formula (2) . The risks of disasters following the resilience of the assessed territory of the municipality 1 are presented in Table 4 . In the municipality, no danger was assessed as unwanted or unacceptable. The hazards of heavy rainfall, extreme flood threat and extremely strong wind are among the considerable risks. It is unnecessary for the local authorities to introduce countermeasures. However, it would be appropriate to implement environmental and technical measures to mitigate their impact. In cooperation with watercourse managers, the bottom of the watercourses must be cleaned and it is necessary to remove mud from ponds. Since the geological subsoil causes rapid outflow of water from the countryside, it is suitable to build drainage equipment on paved areas and equipment to reduce the outflow. It is important to complete the warning system in the municipality and provide the inhabitants with information regarding crisis management, population protection and behaviour in case of an emergency or crisis situation because the website of the municipality lacks such information. Besides implementing the alert system, the municipality, as the elementary school authority, must educate children and other groups of the population through local newspapers or web pages. Also, crossborder cooperation must be strengthened in case of flooding. It is necessary to improve the emergency staff facilities and acquire backup power sources.
Conclusion
Local authorities must implement disaster risk management as a necessary tool to ensure the safety of the territory. Determination of the vulnerability serves not only as a support of risk management and assessment of the ability of the territory to be resistant to natural hazards but it will promote the sustainable development and implementation of local disaster risk reduction strategies in compliance with the Sendai Framework. [5] Achieving resilience at the local level requires communication with owners and users of individual plots of land in the municipality. The role of stakeholders in achieving resilience must differentiate the local level depending on their status and availability of resources. Achieving resilience is impossible unless all the stakeholders become aware of their responsibility for preventing emergency and crisis situations, preparedness, response and recovery.
The suggested vulnerability and risk assessment process has verified its applicability. It was the first experience with risk assessment for the municipality. The risk assessment also verified the fulfilment of the crisis legislation requirements at the municipal level as well as the actual approach to the crisis management in the municipality. Although there were no unacceptable risks, the municipality can use the results for updating the emergency documentation, improving preparedness, informing the population and creating mitigation and adaptation measures. In case of regular reassessment of individual risks, the proposed process contributes to increasing resilience and reducing the vulnerability of the territory.
